Abstract Depression and low self-efficacy are both associated with worse glycemic control in adults with diabetes, but the relationship between these variables is poorly understood. We conducted a cross-sectional study examining associations between depressive symptoms, self-efficacy, and glycemic control among men (n = 64) and women (n = 98) with type 2 diabetes to see if selfefficacy mediates the relationship between depression and glycemic control. Correlational and mediational analyses examined the relationship between these three variables for the sample as a whole and separately by sex. A significant association between depressive symptoms and glycemic control was found for men (0.34, P \ 0.01) but not for women (0.05, P = 0.59). Path analysis suggested that, among men, self-efficacy mediates the relationship between depressive symptoms and glycemic control. We conclude that men with depressive symptoms and type 2 diabetes may need tailored interventions that improve their self-efficacy in order to achieve glycemic control.
will develop diabetes in their lifetime (Centers for Disease Control and Prevention 2008; Narayan et al. 2003) . Co-morbid depression affects 15-30% of all adults with diabetes, with women twice as likely to be affected as men . Individuals with diabetes and co-morbid depression have more diabetes-related symptoms (Ciechanowski et al. 2003) , worse glycemic control (Lustman et al. 2000) , a higher prevalence of complications (Cohen et al. 1997; de Groot et al. 2001 ), reduced quality of life (Hanninen et al. 1999) , and increased mortality (Katon et al. 2005; Zhang et al. 2005) compared to patients without depression.
While the pathway connecting depression and worse outcomes in persons with diabetes has yet to be fully elucidated, it likely includes both physiologic and behavioral factors (Musselman et al. 2003; Plante 2005) . One important factor that may partially explain the relationship between depressive symptoms and worse diabetes related outcomes is patient self-efficacy. Self-efficacy is defined as the belief that one can successfully execute the behavior required to produce a given outcome (DeVellis and DeVellis 2001). Poor self-efficacy has been associated with both increased depressive symptoms as well as poor glycemic control, and could help to explain the connection between the two (Penninx et al. 1998; Sacco et al. 2005; Sousa et al. 2005; Talbot et al. 1997) .
Self-efficacy is a key construct within Social Cognitive Theory (Bandura 1997) , a theory that identifies multiple, interacting determinants of human behavior and behavior change. SCT has been applied to health behavior, and specifically of late, to self-management of chronic disease (Bandura 2004) . Within this framework, self-efficacy is central to the self-regulatory behaviors that contribute to good self-management and disease control. In the case of diabetes, low self-efficacy has been associated with poor glycemic control (Sousa et al. 2005; Talbot et al. 1997; Wallston et al. 2007) . Reduced adherence to self-care behaviors relevant for good diabetes self-management has been proposed as a mediator between the two (Kavanagh et al. 1993; Nakahara et al. 2006; Williams et al. 2004 ). This body of evidence has led some researchers to include a focus on improving individuals' diabetes self-efficacy within behavioral interventions aimed at improving glycemic control and diabetes-related outcomes (Glasgow et al. 1995 (Glasgow et al. , 1989 Krichbaum et al. 2003) .
Self-efficacy has also previously been linked with depression, both in theory and by direct observation (Bandura et al. 1999; Coultas et al. 2007; Penninx et al. 1998) . DeVellis and DeVellis (2001) proposed that negative mood states such as depression could contribute to a poor sense of self-efficacy (DeVellis and DeVellis 2001). Multiple studies have identified an association between increased depressive symptoms and low self-efficacy in patients with diabetes (Chao et al. 2005; Sacco et al. 2007; Sacco et al. 2005; Talbot et al. 1997) . In a study of 249 individuals with type 2 diabetes, Talbot et al. (1997) found that higher scores on the Beck Depression Inventory were associated with lower self-efficacy scores for several diabetes management behaviors (diet, exercise, and weight control) as measured by the self-efficacy subscale of the Multidimensional Diabetes Questionnaire. Using the same measure of self-efficacy in a study of 56 individuals with type 2 diabetes, Sacco et al. (2005) found that lower selfefficacy scores were associated with a higher number of depressive symptoms as measured by the Patient Health Questionnaire-9 symptom depression checklist. Chao et al. (2005) went a step further in a study of 445 individuals with Type 2 diabetes, identifying an association between lower self-efficacy for medication adherence and higher depressive symptoms as measured by the PHQ-8 (a variant of the PHQ-9 that leaves off a question regarding suicidal ideation). Thus, to the extent that greater depressive symptoms are associated with low self-efficacy for a number of different diabetes related behaviors, and low self-efficacy is, in turn, associated with poor glycemic control, it is plausible that self-efficacy may play a mediating role in the relationship between depressive symptoms and glycemic control. However, to date, there has been little research examining this hypothesis. One study of 113 adults with diabetes that attempted to explore this relationship identified a significant association between glycemic control and self-efficacy for diabetes management, but because they did not find an independent association between glycemic control and depressive symptoms as measured by the Hospital Anxiety and Depression Scale they did not test for an association between self-efficacy and depressive symptoms (Ikeda et al. 2003) .
The primary objective of the analyses presented in this article was to examine the relationship between depressive symptoms and glycemic control in patients with type 2 diabetes in a primary care setting and to assess whether self-efficacy plays a mediating role within that relationship. Because the relationship between depressive symptoms and glycemic control may vary by sex (Lloyd et al. 2000; Lustman et al. 2000; Pouwer and Snoek 2001) as might the determinants of self-efficacy (Buchanan and Selmon 2008) , a secondary objective of the study was to examine whether these relationships were moderated by sex. We examined associations first among the total sample, then for men and women separately.
Methods

Participants
Study participants were part of a larger, cross-sectional study examining the role of health literacy and numeracy in diabetes and were enrolled from two primary care clinics, Vanderbilt University Medical Center and University of North Carolina School of Medicine Huizinga et al. 2008) . The study was approved by the Institutional Review Boards at both institutions, and written consent was obtained from all study participants.
Procedure
Patients were identified by clinic staff during routine clinic visits and referred for possible participation if they had a previous diagnosis of diabetes. Trained research assistants then assessed eligibility. Inclusion criteria were: a diagnosis of type 2 diabetes mellitus as determined by review of the medical chart; age 18 to 85 years; and the ability to speak English. Exclusion criteria were a previous diagnosis of significant dementia, psychosis, or blindness. In addition, the visual acuity of each participant was measured with a Rosenbaum Pocket Vision Screener at the time of enrollment and patients with corrected visual acuity of 20/ 50 or worse were excluded. Participants were enrolled from March 2004 until November 2005, and received $20 after completion of all survey measures.
Measures
Demographic and clinical information about patients' diabetes was collected by patient interview and chart review. Glycosylated hemoglobin (HbA1c) is a measure of the glycemic control of diabetes patients during the previous 2-3 months (Jeffcoate 2004) . The medical chart of the patient was reviewed by trained research staff and the most recent HbA1c was abstracted; 96% were obtained within 6-months of the subjects' participation, and the mean time between HbA1c and evaluation was 43-days (median: 15-days). Health literacy was assessed using the previously validated Rapid Estimate of Adult Literacy in Medicine (Davis et al. 1991) .
Depression was assessed using the Center for Epidemiologic Studies Depression (CES-D) Scale, a well-validated, 20-item, self-report instrument designed to measure depressive symptoms in the general population (Radloff 1977 ) that has also been used among patients with diabetes as a screening instrument (McHale et al. 2008) . With a range from 0 to 60, most studies confirm that there is possible depression at a cut point of 16 or greater (Vahle et al. 2000) . Perceived self-efficacy of diabetes selfmanagement behaviors was assessed with the Perceived Diabetes Self-Management Scale (PDSMS). (Wallston et al. 2007 ) The PDSMS is a validated eight item instrument with good internal consistency (Cronbach's alpha = .83). Responses for each individual item range from 1 to 5, with total PDSMS scores ranging from 8 to 40, and higher scores indicating more confidence in managing one's diabetes.
Data analysis
Analyses were performed using STATA, version 8.0 (College Park, TX, 2003) . Descriptive statistics were used to assess baseline sample characteristics. Bivariate associations between sex and sample characteristics were assessed using independent samples t-tests and Pearson's chisquare analyses. Analyses were repeated using Wilcoxon Rank-sum tests for variables with a non-normal distribution; however, the results were unchanged. We evaluated bivariate associations between self-efficacy and depressive symptoms using Pearson's product-moment correlationfirst for the total sample, then among men and women separately.
Associations between depressive symptoms, self-efficacy, and glycemic control (see Fig. 1 ) were examined using mediation analysis based on principles from Baron and Kenny (1986) . Within this framework, a series of requirements must be met in order to establish that mediation has occurred: (1) the initial predictor variable is significantly correlated with the outcome (path c), thus establishing that there is an effect to be mediated; (2) the initial predictor variable is significantly associated with the proposed mediator (path a); (3) the mediator is significantly correlated with the outcome variable of interest (path b); and, critically, (4) the initial predictor variable no longer has an effect on the outcome of interest once the mediator is entered into the regression equation (path c¢). The effects in steps 3 and 4 can be estimated in the same equation. In this study, we hypothesized that diabetes self-efficacy mediates the relationship between depressive symptoms and glycemic control. Thus, depressive symptoms (CES-D) served as the independent predictor variable, glycemic control (HbA1c) was the outcome variable, and self-efficacy (PDSMS) was the proposed mediator (see Fig. 1 ). We used multiple linear regression for the analyses; each model was adjusted for potential covariates selected a priori based on previously identified associations with the variables of interest; these included age, race, income, literacy level (raw REALM score), and body mass index (BMI) (Chapman et al. 2005; Fisher et al. 2001 ). All analyses were conducted first for the total sample and then, if appropriate, repeated for men and women separately.
For the first stage of the mediation analysis, the total effect (c) was obtained by regressing glycemic control (HbA1c) on the depressive symptoms (CES-D). Self-efficacy (PDSMS) was then regressed on depressive symptoms to assess the association between the independent variable and the mediator (path a). Finally, glycemic control was regressed on both depressive symptoms and self-efficacy to determine associations between self-efficacy and glycemic control (path b) as well as the ''direct effects'' (path c¢) of depressive symptoms on glycemic control.
Results
Of the 162 participants, 60% were women and 54% were white (see Table 1 ); the mean age was 56 years. Half had an income of less than $20,000, and 62% had a 9th grade literacy level or higher. The mean HbA1c was 7.7 and 44% of the total sample had CES-D scores of 16 or greater, indicating possible depression. Men had higher income levels, higher levels of self-efficacy and lower levels of depressive symptoms than women.
For the sample as a whole and especially for males, there was a significant correlation between depressive symptoms and diabetes self-efficacy, but the correlation for females was not statistically significant (see Table 2 ). Furthermore, for the sample as a whole and for the males, both depressive symptoms and self-efficacy were significantly correlated with glycemic control, but these correlations were not statistically significant for the females [although the relationship between self-efficacy and glycemic control (r = -0.18) approached significance for the females (P = .07)].
From the first stage of mediation analyses (path c), depressive symptoms were significantly associated with glycemic control for the total sample and for the men but not the women (see Table 2 ). For the second stage (path a), self-efficacy was significantly associated with depressive symptoms for the sample as a whole and for men but not for women (see Table 3 ). Because paths a and c were not significant for females, mediational analysis was not attempted for the female subsample. In the final stages (paths b and c¢ in Fig. 1 ), self-efficacy was significantly associated with glycemic control for the total sample and for men, but the association between depressive symptoms and glycemic control was no longer significant once self-efficacy was entered into the model, suggesting complete mediation according to the Baron and Kenny criteria (see Table 4 ). Thus, for the males there is strong evidence that diabetes self-efficacy (as operationalized by the PDSMS) mediates the effect of depressive symptoms on glycemic control.
Discussion
This study assessed the association between depression, self efficacy and glycemic control among 162 men and women with type 2 diabetes receiving care in a primary care setting. The proportion of patients with possible depression (CESD score[16), found in the present study was 44% among the total sample, 38% among men and 49% among women, numbers similar to those identified in previous studies of patients with diabetes. ) A significant association between depressive symptoms and glycemic control was identified for men but not for women. Mediation analysis suggests that, among men, diabetes self-efficacy mediates the relationship between depressive symptoms and glycemic control.
In this study, increased depressive symptoms were associated with worse glycemic control among men but not among women. While the association between depressive symptoms and glycemic control has been demonstrated previously, only a handful of studies have examined this association by sex (Adriaanse et al. 2006; Lloyd et al. 2000; Pouwer and Snoek 2001) . In a study of just over 100 clinic patients, Lloyd et al. (2000) also found a correlation between depression and glycemic control among men but not women. They postulated that the difference may be due to differences in coping techniques between men and women or, alternatively, by other unmeasured variables. In contrast to the findings in that study and in ours, Pouwer and Snoek (2001) identified a significant association between depression and glycemic control among women but not men in multivariate analyses of data from several hundred patients with type 2 diabetes (Pouwer and Snoek 2001) . Those authors hypothesize that estrogen levels may play a mediating role in the relationship between glycemic control and depression. A separate study in the Netherlands found a weak association between depressive symptoms and insulin resistance, with no differences in this association by sex (Adriaanse et al. 2006) . Differences between the samples and selection of measures as well as covariates may have contributed to the differences between these findings. The results of our current study support the findings of Lloyd et al. yet conflict with those of Pouwer et al. and underscore the need for larger, prospective studies examining the relationship of depression and glycemic control by sex in order to move towards consensus.
Similarly, more research is needed to identify the mechanisms by which depression and glycemic control may be linked (Lustman et al. 2005 ). To our knowledge, ours is the first study to demonstrate that, at least among men, selfefficacy plays a mediating role between depressive symptoms and poor glycemic control. Our findings support the DeVellis's hypothesis that negative mood states such as depression contribute to a poor sense of self-efficacy The findings are also consistent with previous evidence supporting a connection between mental health and health outcomes among men, such as the study by Schnall et al. (1994) that identified an association between work stress and increased coronary heart disease among men but not women. However, why an association between depressive symptoms, self-efficacy and glycemic control was identified among men but not women in our sample remains unclear. Though the data in the current study do not allow further examination of why this may be the case, we propose two hypotheses for future consideration. * P-value is for differences between men and women a HbA1c Glycosylated hemoglobin, BMI body mass index, PDSMS perceived diabetes self-management scale, CES-D Center for Epidemiologic Studies-Depression scale Causal pathways between psychosocial constructs and health outcomes sometimes differ between men and women (Pilote et al. 2007; Wang et al. 2005) . In this case, it is possible that depression manifests differently in men with diabetes than in women, with depressive symptoms more intricately tied to confidence and feelings of mastery for men. While we could find no studies directly testing this hypothesis, there is evidence that men and women differ in other diabetes related cognitive and social factors. For example, in a study of 249 patients with type 2 diabetes, Talbot et al. (1997) found that men reported higher levels of social support as well as higher levels of positive reinforcing behaviors than women, both factors that could contribute to lower rates of depression among men with diabetes. Thus, it could be that depressive symptoms are simply more damaging to men's perceived confidence when it comes to diabetes management.
An alternative explanation is that while general selfefficacy for diabetes management was not associated with depressive symptoms among women in this study, perhaps self-efficacy for other specific diabetes-related behaviors would have been evident had those questions been asked, for example self-efficacy for diet or self-efficacy for physical activity. This would be more congruent with previous studies suggesting that sex differences in selfesteem and self-efficacy may partially account for the emergence of sex differences in depression and anxiety as early as adolescence (McCauley Ohannessian et al. 1999) . In order to test these hypotheses, future prospective studies assessing the relationship between depressive symptoms and self-efficacy should include analyses stratified by sex as well as multiple measures of self-efficacy in order to better elucidate the causal pathways involved for each group (Wiginton 2006) .
Limitations
Several limitations may moderate the interpretation of our findings. As a cross-sectional study we are able to identify associations, but cannot attribute causality. Our relatively small sample size, especially when separated by sex, may have limited our ability to identify certain associations. Also, while the proportion of patients reporting depressive symptoms is fairly representative of an average diabetes clinic population , the sample as a whole (and particularly among men) generally reported mild depressive symptoms on the CES-D, and only a moderate portion of patients (n = 71) met CES-D criteria for mild depression (CESD score[16) , and a small portion met criteria for moderate depression (CESD score [26) . The main analyses lost significance when conducted only among those who had CESD scores [16, although the small sample size and constricted variance likely limited these analyses. Thus, the significant relationships between self-efficacy, depressive symptoms, and glycemic control identified in the current study should be interpreted with caution when applied to a population with greater depressive symptoms. Also, because this study was conducted at two academically-affiliated primary care centers in the Southeast US and included a convenience sample of primarily White and African American patients, our findings may or may not be generalizable to other settings or patient populations. Finally, glycemic control (HbA1c) was not measured at the same time the questionnaires were completed and may not accurately reflect ongoing levels of control; similarly, depressive symptoms were only assessed over the previous seven days (the time frame of the CES-D) and may not represent true levels of depression as symptoms may wax or wane over time.
Implications
This study identified a significant association between depressive symptoms and glycemic control for men but not for women, further adding to a growing body of literature suggesting that the linkage between depression and glycemic control may be unstable across sex. That selfefficacy may play a mediating role between depressive symptoms and glycemic control among men suggests that efforts to improve diabetes outcomes among individuals with higher depressive symptoms may need to target men and women differently. Women and men have been observed to have differing responses to interventions targeting mental health in the context of chronic disease (Naqvi et al. 2005) . Men with depressive symptoms and type 2 diabetes may need specific self-management enhancing interventions that improve their self-efficacy in order to achieve glycemic control. In summary, much is still not known about the underlying mechanisms between depression and diabetes, particularly those that may be distinct to men and to women (Lustman et al. 2005) . Future, prospective studies should further explore potential factors on the causal pathways between depression and poor diabetes control for both men and women to facilitate the development of tailored interventions towards a goal of improving diabetes-related health outcomes (Legato et al. 2006 ).
